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Description 

[QUAD FLAT NO- LEAD PACKAGE 
STRUCTURE AND IVIANUFACTURING 
METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] jhis application claims the priority benefit of Taiwan ap- 
plication serial no. 92127758, filed October 7,2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a package structure and 
the manufacturing method thereof. More particularly, the 
present invention relates to a quad flat no-lead (QFN) 
package structure and the manufacturing method thereof. 

[0004] Description of Related Art 

[0005] The semiconductor industries are highly developed high 
tech industries. With the trends of electrification, elec- 
tronic and semiconductor devices are widely used in the 
daily life, including entertainment, education, transporta- 



tion and households. The design of the electrical products 
becomes more complex, smaller-sized, light-weight and 
humanized, in order to offer more convenience for the 
consumers. In the package structures, the leadframe is 
one of the most commonly used elements, applied in vari- 
ous package products. Based on the type of leadframes, 
the quad flat packages (QFP) can be categorized as quad 
flat package with "1" lead (QFI), quad flat package with "J" 
lead (QFJ) and quad flat no-lead (QFN) package. Because 
leads of the leadframe in the QFN package end at the 
edges of the chip package structure, the QFN package has 
a small size and is also called quad flat no-lead (QFN) chip 
scale package. Since the QFN package provides shorter 
electrical path and faster signal communication rate, the 
QFN package has been widely used as low pin count solu- 
tions for power elements. 

[0006] Fig, lA is a cross-sectional view of a prior QFN package 
structure, while Fig. IB is the top view of the prior QFN 
package structure in Fig. lA. 

[0007] Referring to Figs. lA and IB, the QFN package structure 
100 includes a chip 110, a die pad 120, a plurality of 
wires 130, a plurality of leads 140 and a mold compound 
150. The chip 110 has an active surface 112 and an op- 



posite back surface 114. A plurality of bonding pads 116 
is disposed on the active surface 112, while the back sur- 
face 114 is fixed to an upper surface of the die pad 120 
through a silver epoxy adhesive 118. Each bonding pad 
116 is electrically connected to one of the leads 140 
through the wire 160. The mold compound 150 covers the 
chip 110, the wires 130, the upper surface of the die pad 
120 and upper surfaces of the leads 140, for protecting 
the chip 110 and the wires 130. 

[0008] As shown in Fig. IB, the bottom surface of the die pad 
120 and the lower surfaces of the leads 140 are exposed 
from the bottom of the mold compound 150. The ends of 
leads 140 terminate at the edges of the mold compound 
150 and the leads 140 arranged around the die pad 120 
are used as I/O pads of the QFN package structure. 

[0009] It is noted that the leads 140 and the die pad 120 used in 
the prior art are formed integrally with the leadframe. Af- 
ter cutting off the frame, the leads become separated and 
turn into individual I/O pads around the peripheral of the 
die pad. However, the number of the I/O pads is limited 
by the space occupied by the die pad, so that the I/O pad 
density can not be increased. 

[0010] Moreover, in the molding process, a portion of the mold- 



ing compound 150 may overflows to the bottom surface 

of the die pad 120 or the lower surfaces of the leads 140, 

causing the over-glue problem. Due to the difficulties in 

removing over-glue, the quality of the package structure 

100 is usually declined. 
Summary of Invention 

[0011] The present invention provides a quad flat no-lead (QFN) 
package structure, which affords higher I/O pad density 
for the package structure. 

[0012] The present invention provides a fabrication process for 
fabricating a quad flat no-lead (QFN) package, for im- 
proving the package quality of the package structure and 
solving the over-glue problems. 

[0013] Accordingly, the present invention provides a QFN pack- 
age structure, comprising a chip carrier and at least a 
chip. The chip is disposed on the top surface of the chip 
carrier, while the back surface of the chip carrier includes 
a plurality of flat no-lead conductive leads as I/O pads of 
the chip carrier for the external circuitry. A plurality of 
pads, corresponding to bonding pads of the chip, is dis- 
posed on the top surface of the chip carrier. The afore- 
mentioned package structure can employ wiring bonding 
technology, flip chip technology or surface mount tech- 



nology to attach the chip to the chip carrier. 

[0014] As embodied and broadly described herein, the present 
invention provides a manufacturing method for the QFN 
package structure, the method comprising the following 
steps: providing a substrate, forming a plurality of metal 
blocks on the substrate, forming an oxide layer covering 
the metal blocks and an interconnect layer on the oxide 
layer, wherein the interconnect layer includes a plurality of 
vias connecting to the metal blocks and a plurality of con- 
tact pads on a top surface of the interconnect layer, 
wherein the contact pads are electrically connected to the 
metal blocks through the vias, disposing at least a chip on 
the interconnect layer, wherein the chip includes a plural- 
ity of bonding pads corresponding to the contact pads; 
and removing the substrate to expose bottom surfaces of 
the metal blocks. 

[0015] In this invention, the conductive leads (i.e. metal blocks) 
are arranged on the bottom surface of the chip carrier. 
Compared with the prior art, there are much more con- 
ductive leads in the chip carrier due to the arrangement of 
the conductive leads, thus fortifying the electrical proper- 
ties of the package structure. 

[0016] It is to be understood that both the foregoing general de- 



scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0017] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0018] Fig. lA is a cross-sectional view of a prior QFN package 
structure. 

[0019] Fig. IB is the top view of the prior QFN package structure 
in Fig. lA. 

[0020] Fig. 2A is a display cross-sectional view showing a QFN 

package structure according one preferred embodiment of 
the present invention. 

[0021] Fig. 2B is a display bottom view showing a QFN package 
structure according one preferred embodiment of the 
present invention. 

[0022] Figures 3A-3F are cross-sectional views showing pro- 
cesses of the manufacturing method for a QFN package 
structure according one preferred embodiment of the 



present invention. 
[0023] Figures 4A-4D are cross-sectional views sliowing manu- 
facturing processes for tlie metal blocks according one 

preferred embodiment of the present invention. 
Detailed Description 

[0024] Referring to Figures 2A & 2B, illustrating a cross-sectional 
view and a bottom view of a QFN package structure ac- 
cording one preferred embodiment of the present inven- 
tion. The package structure 200 comprises a first chip 
210, a second chip 220, a chip carrier 230 and a passiva- 
tion layer 240. The first chip 210 and the second chip 220 
are electrically connected to the chip carrier 230 by sur- 
face mount technology (SMT), or wire bonding or flip chip 
technology, for example, to form the multi-chip package 
IC module. Taking SMT as an example, the chips 210, 220 
are electrically connected to contact pads 232 of the chip 
carrier 230 through anisotropic conductive paste (ACP) 
212. If the flip chip technology is used, the first and sec- 
ond chips are electrically connected to the pads 232 of 
the chip carrier 230 through bumps (not shown) arranged 
in arrays. Similarly, if the wire-bonding technology is 
used, the backsides of the first and second chips are at- 
tached to the chip carrier 230 and the chips are electri- 



cally connected to the pads 232 of the chip carrier 230 
through gold wires (not shown). 
[0025] The top surface of the chip carrier 230 includes a plurality 
of pads 232, while a bottom surface of the chip carrier 
230 includes a plurality of conductive leads 234. The pads 
232 and the conductive leads 234 are connected to each 
other through an interconnect layer 236. From Figure 2B, 
lower surfaces 234b of the conductive leads 234 are ex- 
posed by the bottom surface of the chip carrier 230. 
These conductive leads 234 are arranged, for example, in 
area arrays (9x9 or 11x11. ..etc). Compared with the prior 
art, there are much more conductive leads 234 in the chip 
carrier 230, because the conductive leads need not to be 
arranged around the die pad (as in Fig. IB) or be con- 
nected to the chip through wire bonding. Therefore, the 
number of the conductive leads needs not to be limited by 
the area of the die or the die pad. In addition, the over- 
glue problem is avoided. The external ends 234a of the 
conductive leads 234 that are arranged near the border of 
the chip carrier 230 terminate at edges of the package 
structure 200 (as shown in Figure 2A). The number or the 
arrangement of the conductive leads 234 can be adjusted 
depending on the number, the arrangement or the type of 



the chips. The conductive leads 234 are detached and 
each conductive lead 234 can be used as the I/O pads for 
the chips 210, 220, thus strengthening the electrical 
properties of the package structures. 

[0026] Accordingly, the present invention provides a manufactur- 
ing method for the QFN package structure. Figures 3A-3F 
are cross-sectional views showing processes of the manu- 
facturing method for a QFN package structure according 
one preferred embodiment of the present invention. 

[0027] First, referring to Fig. 3A, for the above package structure 
200, if a wafer 300 is used as a substrate, the wafer 300 
includes a plurality of sections 302, with each section 302 
having the same integrated circuit therein, formed se- 
quentially on the wafer 300 and completing the wiring 
layout. For example, the wafer 300 is either a substrate 
commonly used in the semiconductor fabrication pro- 
cesses, such as, a silicon substrate, a silicon-on-insulator 
(SOI) substrate or a glass substrate, or other materials 
with high hardness, such as, a metal plate or a polymer 
layer. In the cross-sectional view of Fig. 3B, a plurality of 
metal blocks 310 is formed on each section 302 of the 
substrate 300. The material of the metal blocks 310 can 
be any metal with excellent conductivity and thermal con- 



ductivity, such as, copper pr nickel-gold alloy, while these 
metal blocks 310 can be used as the conductive leads 234 
in the above package structure 200. 

[0028] Referring to Fig. 3C, an oxide layer 320 is formed to cover 
the metal blocks 310. Preferably, the oxide layer 320 is a 
silicon oxide layer formed by physical vapor deposition 
(PVD), either evaporation or sputtering, to control the de- 
position rate and the thickness, for example. The oxide 
layer 320 can be planarized by, for example, CMP or 
plasma etching or etching back. 

[0029] Referring to Fig. 3D, after forming a plurality of vias 322 
in the oxide layer 320, an interconnect layer 330 is 
formed on the oxide layer 320. The interconnect layer 330 
is connected to the metal blocks 310 through vias 322 
within the oxide layer 320. The interconnect layer 330 in- 
cludes a plurality of lines 334 on the oxide layer 320, a 
dielectric layer 332 on the oxide layer 320 and the lines 
334, and a plurality of contact pads 336, formed through 
several photolithography steps. Alternatively, it is possible 
to consider that the interconnect layer further includes the 
oxide layer 320 and the vias 322. 

[0030] The pads 336 are exposed by the top surface of the di- 
electric layer 332. The pad 336 is electrically connected 



with the via 322 though the line 334 in the interconnect 
layer 330, and is further electrically connected to the 
metal block 310, thus acting as a signal transmission 
pathway. Of course, it is possible that the interconnect 
layer includes more than one dielectric layers or more 
than one layers of lines. Especially, if more pads 336 are 
required for the chip, either the interconnect layer in- 
cludes more layers, for example, 4 layers or 6 layers of 
dielectric layers and line layers, or the line-width of the 
lines is reduced to form pads 336 in high pitch arrays. Fi- 
nally, the conductive leads 310 and the interconnect layer 
330 can be formed sequentially on the surface of the 
wafer 300, as the circuit layout for the system. And the 
circuit testing can be performed. 
[0031] Referring to Fig. 3E, the first chip 340 and the second chip 
342 are disposed on the interconnect layer 330 in each 
section 302 of the substrate 300 by surface mount tech- 
nology (SMT), or wire bonding or flip chip technology, for 
example. Taking SMT as an example, in Fig. 3E, the bond- 
ing pads 344 of the chips 340, 342 are attached to con- 
tact pads 336 of the interconnect layer 330 through 
anisotropic conductive paste (ACP) 346, thus forming a 
multi-chip package structure. A planar passivation layer 



350 is formed to cover the first and second cliips 340, 
342 by, for example, pliysical vapor deposition in a low- 
temperature magnetron sputter. 

[0032] Referring to Fig. 3F, the substrate 300 is separated from 
the above multi-chip package structure 302. After the 
substrate 300 is removed, the bottom of the metal blocks 
310 are exposed, so that the metal blocks 310 act as I/O 
pads of the multi-chip package structure 302. In fact, 
these metal blocks 310 are the conductive leads 234 in 
the chip carrier 230 of Fig. 2A-2B. In this embodiment, 
the substrate 300 can be reused so as to reduce the pro- 
duction costs. However, if the substrate 300 is not to be 
reused, the substrate 300 can be diced together with the 
multi-chip package structure 302, and then removed. 

[0033] The metal blocks 310 shown in Fig. 3B can be obtained 
through different fabrication processes. As shown in Fig- 
ures 4A-4D, the manufacturing processes for the metal 
blocks according one preferred embodiment of the 
present invention are illustrated. In Fig. 4A, a metal layer 
404 is formed over the substrate 400 by either affixture 
or plating. An etching stop layer 402, for example, a 
chromium layer, can be further included between the sub- 
strate 400 and the metal layer 404, if necessary. A pat- 



terned photoresist layer 406 is formed on the metal layer 
404, as shown in Fig. 4B. Referring to Fig. 4C, using the 
patterned photoresist layer 406 as a mask, the metal layer 
404 that is not covered by the photoresist layer 406 is 
etched until the etching stop layer 402 is exposed, so as 
to define the metal blocks 408. Referring to Fig. 4D, the 
patterned photoresist layer 406 is removed. Preferably, 
the metal blocks 408 are obtained through anisotropically 
etching the metal layer 404, and the metal blocks 408 
have substantially vertical sidewall profiles. The width of 
the metal blocks 408 and the distance between the metal 
blocks 408 can be adjusted by etch settings. 
[0034] If the etching stop layer 402 is included between the 

metal layer 404 and the substrate 400, the etching stop 
layer 402 will be removed together with the substrate 
400. 

[0035] It Is noted that the prior system in package (SIP) for power 
devices utilizes the printed circuit board (PCB) and the 
lead frame to complete the SIP, which has high costs and 
low yields. However, in this invention, the wafer 300 is 
used as the substrate and the wiring layout is completed 
on the wafer 300, so that the conductive metal blocks 310 
and the interconnect layer 330 can be formed sequentially 



on the surface of the wafer 300 as the circuit layout for 
the system. In addition, after completing the wiring lay- 
out, the circuit in each section 302 of the wafer 300 can 
be tested to eliminate or repair the faulty circuit, thus in- 
creasing the yield of the wafer 300. Afterwards, a plurality 
of chips 340, 342 with different functions are disposed on 
the uppermost circuit, and silicon dioxide 350 is de- 
posited by low temperature DC sputter, as the passivation 
layer and the encapsulating material to complete the sys- 
tem in package. Since a plurality of system-in-package 
structures are formed at the same time from the wafer 
300, the package cost is lowered. Further this technology 
can be combined with wafer level package technology to 
achieve multiple chip package, thus improving the yield of 
the chips. 

[0036] In conclusion, the present invention a quad flat no-lead 

(QFN) package structure and a fabrication process thereof, 
for improving the package quality of the package struc- 
ture and solving the over-glue problems. Moreover, the 
number of the conductive leads in this QFN package 
structure needs not to be limited by the area of the die or 
the die pad, thus increasing the density of the I/O pads 
and strengthening the electrical properties of the package 



structures. 

[0037] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



